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ABSTRACT 
The purpose of an energy audit is to identify 
and analyze areas of energy consumption and to pro- 
pose methods of conservation. In the process of 
completing an audit the following areas of consump- 
tion should be considered: 
0 Building Envelope 
Air-Handling Sys tems 
0 Chilled Water Systems 
0 Boiler Systems 
0 LightingfElectrical Systems 
Within these areas many potential conservation 
opportunities can be developed, Quite often oppor- 
tunities are proposed without thorough analysis and 
as a result, they do not produce the desired re- 
sults. When this happens, it is generally due to 
"pitfalls" or idiosyncrasies of the opportunity that 
were not considered in proposing the project. 
The purpose of this paper is to point out some 
common pitfalls in each of the above areas and to 
propose some possible alternatives. 
BUILDING ENVELOPE 
The physical structure of a building presents 
a great many opportunities for energy savings. When 
performing a detailed energy audit, the following 






0 Ceiling Height 
In order to minimize energy losses through the 
building envelope it is important to minimize the 
negative effects of transmission, infiltration and 
radiation. Some standard, effective methods of 
saving energy loss through the building envelope are 
as follows: 
0 Insulation (Wall and Roof) 
Weatherstripping (Windows and Doors) 
0 Double-Glazing/Solar Film 
DestratificationfDropped Ceiling 
Associated with these conservation opportuni- 
ties are a number of "pitfalls" which, if not con- 
sidered, seriously hamper their performance. 
0 Eliminate all major sources of infiltration. 
When applying weatherstripping, it is impor- 
tant to insure that all other sources of in- 
filtration have been checked. Broken win- 
dows, holes in walls, poorly fitted doors 
and windows, and negative pressure in the 
conditioned space all result in infiltration, 
and will negate the positive effects af 
weatherstripping. 
Consider all aspects of solar film. In some 
parts of the country the negative effects 
seen in winter outweigh the summer savings. 
Consider all forms of savings, not just en- 
ergy. Opportunities are often missed because 
only energy savings are considered. For 
example, the installation of exterior wall 
insulation or aluminum thermopane windows 
results in a substantial maintenance savings. 
Consider all effects of a dropped ceiling. 
When installing a dropped ceiling, substan- 
tial reductions must be made in both supply 
air quantity to the space and space lighting. 
Both reductions result in energy savings and 
lighting is often overlooked. 
AIR HANDLING SYSTEMS 
The opportunities for conservation in air han- 
dling systems are primarily based in system control. 
In order to minimize energy consumption in air han- 
dling systems, control systems which fine tune oper- 
ations can be installed. Typical energy conservation 
opportunities for air-handling systems are: 
0 Enthalpy CyclefEconomizer Cycle 
Supply Air Reset 
a Warm-up/Cool-down Cycle 
a Thorough Maintenance on Control Systems 
0 Heat Recovery 
In order to effectively incorporate these op- 
portunities into an energy program the following 
"pitfalls" must be avoided : 
Choose the correct economizer system (dry- 
bulb or enthalpy). In dryer climates a 
single dry bulb temperature sensor can ef- 
fectively make outside air decisions. Where 
enthalpy control (dry-bulb and wet-bulb 
sensors) is involved a penalty for increased 
maintenance should be considered. 
Supply-air reset is not appropriate for most 
constant temperaturelconstant humidity areas. 
In these areas over-cooling and reheating is 
necessary to produce room conditions as 
specified. 
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Heat r ecove ry  should  n o t  be  cons ide red  i n  
a r e a s  of p o t e n t i a l  f i r e  haza rd .  T h i s  par-  
t i c u l a r l y  a p p l i e s  t o  k i t c h e n  a r e a s  w i t h  h i g h  
g r e a s e  c o n c e n t r a t i o n .  
Address c o n t r o l s  on a  uni t -by-uni t  b a s i s .  
Ope ra t ions  o f  dampers and pneumat ic  c o n t r o l  
sys tems a r e  seldom addres sed  on a  unit-by- 
u n i t  b a s i s .  A s  a  r e s u l t  i n d i v i d u a l  u n i t s  
t h a t  a r e  s e r i o u s l y  o u t  of c a l i b r a t i o n  a r e  
n o t  i d e n t i f i e d  and s u b s t a n t i a l  s a v i n g s  a r e  
missed.  
a "As-buil t"  drawings  a r e  t o o  o f t e n  accep ted  
a s  f a c t .  I n  many c a s e s  t h e  accu racy  of 
t h e s e  o u t d a t e d  drawings  is  poor.  
CHILLED WATER SYSTEMS 
The c h i l l e d  w a t e r  sys tem i n  a  commercial ,  i n -  
d u s t r i a l  o r  i n s t i t u t i o n a l  f a c i l i t y  p r e s e n t s  a  number 
of p o t e n t i a l  c o n s e r v a t i o n  o p p o r t u n i t i e s .  The f o l -  
lowing a r e  t y p i c a l  a r e a s  o f  c o n c e n t r a t i o n :  
C h i l l e d  Water Temperature  C o n t r o l  
Condenser Water Temperature  C o n t r o l  
a D i s t r i b u t i o n  System 
a C h i l l e r  Opera t ions  
a Cool ing Tower Op t imiza t ion  
Within  t h e s e  a r e a s  t h e  f o l l o w i n g  c o n s e r v a t i o n  
o p p o r t u n i t i e s  a r e  commonly i n v e s t i g a t e d :  
a Reset  C h i l l e d  Water Temperature 
Rese t  Condenser Water Temperature  
a I n s t a l l a t i o n  of 2-Way Valves  and V a r i a b l e  
Pumping o r  3-Way Valves 
Computer C o n t r o l l e d  C h i l l e r  Sequencing 
a Free  Cool ing During Non-Design Days 
a I n s t a l l a t i o n  o f  A d d i t i o n a l  Smal l  C h i l l e r  
The fo l lowing  p i t f a l l s  a r e  common mis t akes  when 
i n s t i t u t i n g  t h e  above o p p o r t u n i t i e s :  
R e s e t t i n g  c h i l l e d  w a t e r  may n o t  be  an  ac- 
c e p t a b l e  p r a c t i c e  i f  any o f  t h e  a r e a s  s e r v e d  
by t h e  sys tem r e q u i r e  s t r i c t  t empera tu re  and 
humidi ty  c o n d i t i o n s .  Computer rooms and 
c l e a n  rooms must be  cons ide red .  
Condenser wa te r  t empera tu re  r e s e t  s a v i n g s  
has  some ve ry  s t r i c t  l i m i t a t i o n s .  I t  can 
on ly  r e a l i s t i c a l l y  be  r e s e t  t o  7OF above 
t h e  o u t s i d e  a i r  wet bu lb  t empera tu re .  Often- 
t imes ,  s a v i n g s  f o r  l a r g e r  A T  is  c a l c u l a t e d .  
a For t h e  i n s t a l l a t i o n  of 2-way v a l v e s  w i t h  
v a r i a b l e  speed pumping t o  be s u c c e s s f u l  
sys t em f l o w  r a t e s  must be  ma in t a ined  above 
minimum v e l o c i t y  l e v e l s  t o  avo id  a i r  en- 
t r a inmen t .  I n  many c a s e s ,  t h i s  s e r i o u s l y  
l i m i t s  t h e  v a r i a b l e  pumping range and t h e r e -  
f o r e  t h e  s a v i n g s .  
For r e t r o f i t  t o  3-way v a l v e  sys tems,  t h e  
p rox imi ty  of t h e  s u p p l y  and r e t u r n  p i p i n g  
must be  cons ide red  i n  e s t a b l i s h i n g  f e a s i b i l -  
i t y .  
When e s t a b l i s h i n g  t h e  p o t e n t i a l  f o r  s a v i n g s  
due t o  " f ree-cool ing"  i t  is  impor t an t  t o  do 
a  complete  e v a l u a t i o n  o f  c l i m a t o l o g i c a l  d a t a  
( s p e c i f i c a l l y  wet bu lb  t empera tu re )  v s .  oper- 
a t i n g  hour s  of t h e  c o o l i n g  sys tem.  
I n s t a l l a t i o n  of a d d i t i o n a l  s m a l l  c h i l l e r .  
I n  o r d e r  t o  o p t i m i z e  o p e r a t i o n  o f  a  c h i l l e d  
wa te r  sys t em,  t h e  summer and w i n t e r  l oad  
p r o f i l e s  shou ld  be  developed.  The c a p a c i t y  
and s i z e  of p l a n t  shou ld  be  compared w i t h  
l o a d  p r o f i l e s .  I t  h a s  been found t h a t  i n  
most c a s e s  a d d i t i o n  of s u i t a b l y  s i z e d  s m a l l  
c h i l l e r  w i l l  i n c r e a s e  t h e  e f f i c i e n c y  o f  t h e  
p l a n t  cons ide rab ly .  
BOILER SYSTEMS 
A b o i l e r  s y s t e m f h e a t i n g  supp ly  sys tem p r e s e n t s  
a  s u b s t a n t i a l  number of o p p o r t u n i t i e s  f o r  energy 
conse rva t ion .  The f o l l o w i n g  a r e  t y p i c a l  a r e a s  of 
c o n c e n t r a t i o n :  
a B o i l e r  P l a n t  Loca t ion  
B o i l e r  Opera t ions  Op t imiza t ion  
a D i s t r i b u t i o n  System 
Within  t h e s e  a r e a s  t h e  f o l l o w i n g  o p p o r t u n i t i e s  
c o n s i s t e n t l y  y i e l d  e x c e l l e n t  energy s a v i n g s :  
0 Automatic Cont inuous  B o i l e r  Blowdown 
I n s t a l l a t i o n  o f  Economizers 
I n s t a l l a t i o n  of Oxygen Trim C o n t r o l  
Add i t i on  of a  Smal l  B o i l e r  
I n s u l a t i o n  of D i s t r i b u t i o n  System 
There  a r e  a  number o f  " p i t f a l l s "  a s s o c i a t e d  
w i t h  t h e s e  o p p o r t u n i t i e s  t h a t  must be  k e p t  i n  mind 
when c o n s i d e r i n g  t h e i r  implementa t ion:  
The f e a s i b i l i t y  o f  i n s t a l l i n g  a  s m a l l  b o i l e r  
f o r  summer o p e r a t i o n  is  s t r o n g l y  dependent 
on t h e  l o a d  p r o f i l e  of t h e  sys tem and t h e  
p a r t  l oad  e f f i c i e n c y  o f  t h e  e x i s t i n g  p l a n t .  
When c o n s i d e r i n g  t h e  i n s t a l l a t i o n  of an  
economizer i t  i s  i m p o r t a n t  t o  c o n s i d e r  bo th  
h e a t  r ecove ry  c a p a c i t y  and p r e s s u r e  drop 
a c r o s s  t h e  economizer .  F a i l u r e  t o  c o n s i d e r  
p r e s s u r e  d rop  can r e s u l t  i n  d i f f i c u l t i e s  
m a i n t a i n i n g  a  p r o p e r  a i r l f u e l  r a t i o .  
To be  most energy e f f i c i e n t ,  blowdown shou ld  
be  performed a t  t h e  s l o w e s t  r a t e  p o s s i b l e  t o  
m a i n t a i n  an  a c c e p t a b l e  l e v e l  o f  t o t a l  d i s -  
s o l v e d  s o l i d s  (TDS). T h i s  minimizes  blow- 
down and t h e r e b y  minimizes  make-up. 
Many o f  t h e  i n e f f i c i e n c i e s  o f  a  steam o r  
h o t  w a t e r  sys tem a r e  a  r e s u l t  o f  poor  d i s -  
t r i b u t i o n .  D e t a i l e d  s u r v e y s  o f  t h e  d i s t r i -  
b u t i o n  sys tem,  c o n s i d e r i n g  i n s u l a t i o n ,  con- 
d i t i o n s  of s team t r a p s  and c o n d i t i o n  o f  p ip-  
i n g  shou ld  be  p a r t  o f  e v e r y  a u d i t .  
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LIGHTINGIELECTRICAL SYSTEMS 
L i g h t i n g  and e l e c t r i c a l  sys tems p r e s e n t  o u r  
f i n a l  a r e a  f o r  bo th  c o n s e r v a t i o n  o p p o r t u n i t i e s  and 
p i t f a l l s .  When c o n s i d e r i n g  l i g h t i n g  and e l e c t r i c a l  
sys t ems ,  t h e  Following a r e a s  O F  c o n c e n t r a t i o n  a r e  
examined : 
0 L i g h t i n g  
Motors 
Demand Control /Load Shedding 
I n  o r d e r  t o  s u c c e s s f u l l y  implement t h e s e  op- 
p o r t u n i t i e s  and a c h i e v e  t h e  p r o j e c t e d  energy s a v i n g s ,  
t h e  Following " p i t f a l l s "  must be  avoided : 
0 F l u o r e s c e n t  lamp replacement  w i t h  "Watt- 
misers"  can r e s u l t  i n  a c c e l e r a t e d  b a l l a s t  
burnout .  T h i s  i s  a  r e s u l t  o f  incompat i -  
b i l i t y  between b a l l a s t  and lamp. To avo id  
t h i s  problem a  bu rnou t  r a t e  mon i to r ing  pro- 
gram shou ld  be  i n s t i t u t e d  a l o n g  w i t h  any 
re lamping program. 
0 Nameplate d a t a  i s  n o t  a c c e p t a b l e  f o r  de- 
t e r m i n i n g  motor  consumption. Ampere read- 
i n g s  shou ld  be  t aken  where p o s s i b l e .  
0 V a r i a b l e  f requency d r i v e  (VFD) r e t r o f i t s  
r e q u i r e  t a k i n g  a  c a r e f u l  l ook  a t  motor/  
d r i v e  c o m p a t i b i l i t y .  The harmonfcs re- 
s u l t i n g  from f u l l  l o a d  o p e r a t i o n  of a  
s t a n d a r d  moto r  w i t h  VFD can result i n  over-  
h e a t i n g .  
0 The ene rgy  e f f e c t s  o f  a l l  c h a r a c t e r i s t i c s  
o f  l o a d  shedd ing  must b e  cons ide red  when 
d e f i n i n g  sheddab le  l o a d s .  T h i s  i n c l u d e s  
t h e  p o s s i b i l i t y  o f  g e n e r a t i n g  peaks  d u r i n g  
r e s t a r t  and s t a r t l s t o p  wear on equipment.  
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